To manage and cope with significant, radical changes of business processes and activities in the context of Industry 4.0, it is necessary for organizations to have a rapid reactive ability. This requirement may be fulfilled by performance measurement system (PMS) which should be aligned with and could reflect the current digitalization and innovative trends. According to this PMS should be developed due to changes in technology, business environment and organizational processes. But the main uncertainty here is to understand what the main changes and development trends of PMS are needed to fit with the context of Industry 4.0. To solve this problem, the research presents how PMS can be developed facing industrial revolution using qualitative research method -case study with multiple sources of evidence from semi-structured interviews and documents analysis. According to research results a framework for changes in PMS due to the alterations of Industry 4.0 was developed. Case study results show that technological developments and digitalization processes lead to a more intensive use of predictive methods in planning processes as well as faster control and decision making processes. The main contribution of this paper is to highlight the scientific literature of performance measurement by providing developments in PMS functions in order to fit with the context of Industry 4.0. From a practical perspective, the study provides specific practical insights in order to support the reaction processes within organizations.
Introduction
In recent years most of the business companies have reached their limits with process efficiency. Old processes and technologies became less suitable for fast changing business environment. Investment in new technologies and innovations plays the most important role for companies' competitiveness and market leadership. Today, technological development encourages businesses to innovate daily production, supply, value chains and various processes in it (Germany's national academy of science and engineering, 2013; McKinsey & Company, 2015) and helps to respond faster to customers' needs. As a result, companies are forced to apply advanced analytic tools seeking to "win with data", digital and machine innovations (Hazen et al., 2014; Wamba et al., 2015) which combine mathematical and statistical, engineering, computer science, and behavioral science expertise. To manage all these significant changes of business performance it is necessary for organizations to have a rapid reactive ability which could be fulfilled by performance measurement system (PMS) as it provides information about the internal environment of the organization, ensures learning processes and feedback, which, in turn, allows for steady performance improvements and adaptation to external environment (Brudan, 2010; Fukushima & Peirce, 2011) . There is evidence in scientific literature that together with changing processes and continued implementation of technological innovations, changes in performance measurement have to be indicated so that it is useful for organizations as an adaptation and reaction tool. Raffoni et al. (2018) explored the potential of performance management systems and indicated that Business Performance Analytics (BPA) can contribute to identifying critical performance variables, potential sources of risk and related interdependencies. According to Wu et al. (2016) , technological development alone does not always translate into overall cost savings or increased revenue. Thus, more business management research is particularly desired to develop better technological applications which make business sense. Sauter et al. (2015) researched that operative and strategic performance management such as budgeting, controlling, reporting, is greatly influenced by Industry 4.0.
The core of the idea is the recognition that different functions of the performance measurement should be developed according to technological innovations but scientific literature is still lacking research which can disclose a complete picture of Industry 4.0 influence on the performance measurement system. To fill this gap, the scientific problem is formulated as a research question of this paper: how could functions of performance measurement system develop in order to fit with and reflect technological innovations in the context of Industry 4.0?
The main aim of this paper is to develop a framework for changes of PMS in the context of Industry 4.0.
The study extends previous research by exploring the reaction to an industrial revolution in the context of performance measurement (Bititci et al., 2012; Ittner & Larcker, 2005; Nudurupati et al., 2011) which is completed by analysing changes and decisions in the case of a company. The research explores how functions of performance measurement system can be developed and used in the changing business environment facing industrial revolution. Also it indicates a more intensive use of predictive methods in planning processes, helps to see the real-time data for decision making due to the need of faster control and decision making processes. From a practical perspective, the study contributes to understanding how PMS could be developed in a context of Industry 4.0 by providing a framework and specific practical insights. This paper is organized as follows. Concepts of Industry 4.0, performance measurement and theoretical framework based on contingency approach are presented in the first part of this paper. Second part presents the methodology usedcase study (with multiple sources of evidence from semistructured interviews and document analysis (strategic planning reports)) and the third part present results of the case study. Discussion and conclusions are presented in the last part of this paper. According to results of the case study, the directions for future research will be identified.
Theoretical Arguments to Analyse Performance Measurement in the Context of Industry 4.0
At the heart of the contingency theory is a notion that an organisation must maintain a fit between its structure and its contextual factors in order to achieve high performance levels (Donaldson 2001; Sousa & Voss, 2008) . According to this, contingency theory can be used to explain the importance of developments in performance measurement system in the context of industrial revolution.
In early 1967 Lawrence & Lorsh developed an open system theory of how organizations and organizational subunits adapt to best meet the demands of their immediate environment and investigated the relation between organizational characteristics and their environment. Furthermore, it stated that an organization's economic performance is determined by its ability to meet integration and differentiation requirements according to their environment. They were more interested in the impact of contingency factors on organizational structure. Since then, the studies of contingencies have made up the main body of organization research. An empirical research was developed by Pennings (1975) who examined the interaction between environmental uncertainty, organization structure and various aspects of performance.
Development of the contingency theory of organisations was the major factor which influenced the development of the contingency theory of management accounting. Otley (1980) examined the main features of the contingency approach and its application to accounting control systems. According to this, important contingent variables highlighted by Otley (1980) were the effect of technology, environment and organization structure. Scott (1981) described contingency theory as the best way to organize depends on the nature of the environment to which the organization must relate. Contingency theory tries to explain structural and process differences among organisations with regard to their operating environment, technology, size, strategy and culture among others (Scott, 1981) .
Contingency theory focuses on how elements must fit together to reach a desired configuration, and the forms of fit, as proposed by Venkatraman (1989) . Indeed, the conventional, contingency-based approach in management research assumes that management control systems are adopted to assist managers achieve some desired organizational outcomes (Chenhall 2003; Chapman 1997) and, as such, need to be tailored explicitly to support the main purpose of the business (Ittner & Larcker 1997; Langfield-Smith 1997) . Many contingency variables have been found to be relevant, including environment and technology (Otley 1980; Xiao, Sangster & Dodgson, 1997; Chenhall, 2003) , national culture (Ahmad & Schroeder 2003; Flynn & Saladin 2006) , strategic context (Wickramasinghe & Alawattage, 2007; Sila, 2007) and company size (Wickramasinghe & Alawattage, 2007) . According to the contingency theory based approach could be stated that the influence of technology and environment on performance measurement is a very important contingent factor in the context of Industry 4.0.
The fourth industrial revolution was first time introduced to a wider society in 2013 from Germany's national academy of science and engineering. Industry 4.0 collectively track towards technological innovations like: internet of things (IoT); cloud computing; digitalization and automation; advanced analytics; virtual reality; GUI (Graphical User Interface); 3D printing; robotics have a noticeable task to ensure smooth transitions form physical to digital/virtual word and vice versa (Germany's national academy of science and engineering, 2013). Within investing and adapting these new technologies, companies expect more efficiency, higher productivity, changes in business processes and to gain a competitive advantage (Sauter et al., 2015; McKinsey & Company experts, 2015; Wu et al., 2016) . At the core of this idea is the notion that Industry 4.0 helps to create and integrate new technologies and change processes in value creation and supply chains, as well as have an impact on company's performance by changing and transforming its processes and activities, or creating new processes. But in order to be successful and use these opportunities as competitive advantages, companies also need to understand how changed and new business processes should be managed as well as measured. All these changes require smaller or bigger adjustments in performance management system in order to achieve real innovation efficiency and effectiveness.
Hence, a further analysis of scientific papers was performed by trying to disclose the main directions and possible relationships between different clusters of Industry 4.0 and performance measurement. The latter is understood as the process of evaluating how well organisations are managed and the value they deliver for customers and other stakeholders (Moullin, 2007) . Hence, there have been an increasing number of studies in the last years reflecting on the challenges of performance measurement system in the context of industrial revolution. Raffoni et al. (2018) explored the potential of performance management systems and indicated that Business Performance Analytics (BPA) can contribute to identifying critical performance variables, potential sources of risk and related interdependencies. Sangwa and Sangwan (2018) developed performance measurement framework for lean organizations and identified the seven categories representing all organizational functions, dividing into 26 performance dimensions and key performance indicators (KPIs) for each performance dimension in the context of lean principles. Trstenjaka and Cosic (2017) researched a process planning changes in Industry 4.0 environment. Tupa et al. (2017) designed a framework to implement risk management for the Industry 4.0 concept. Papadopoulos et al (2017) found that the three Big Data Analytics (BDAC) components strongly influence firms' performance and indicated that, in order to translate BDAC into firm performance, managers need to concentrate on infrastructure capability, which includes BDA connectivity, compatibility and modularity. Similarly, managers may examine the microstructure of BDA planning, investment, coordination and control. Van der Stede (2016) covered perspectives on management accounting research related to the applications of industry, regulation or regulatory "shocks", and informatics or, especially, "big data". Dittus et al. (2016) placed current fascinations with the digital revolution into the historical and cultural contexts that have intertwined with the evolution of management accounting as a practice involved in the production of knowledge for decision-making. Gunasekaran et al. (2017) , Schoenherr and Speier-Pero (2015) , Hazen et al. (2014) , Waller and Fawcett (2013) have researched that BDA offers significant benefits in terms of improvement in supply chain costs and efficiencies, responding faster to changing environment, providing greater power in relationships with suppliers, and enhancing sales and operations planning capabilities. Wamba et al. (2015) generally indicated that organizations need to leverage the information eco-system arising out of the BD adoption to share the real time information, better understand customers, optimize supply chains and human resources, improve financial metrics and develop the critical insights for decision making. In relation to the scientific literature review could be stated that different Industry 4.0 clusters have been researched in the context of performance measurement such as Big Data, IoT, analytics digitalization and human -machine interaction (Raffoni et al., 2018; Papadopoulos et al., 2017; Van der Stede, 2016; Schoenherr & Speier-Pero, 2015; Hazen et al., 2014; Waller & Fawcett, 2013) . Also it could be noted that the literature is still lacking an understanding of the main changes and developments of performance measurement system in the context of industrial revolution as different studies are fragmented, analyse a separate function of performance measurement (Raffoni et al., 2018; Trstenjaka & Cosic, 2017; Papadopoulos et al., 2017) or are limited to a specific context (Sangwa & Sangwan, 2018) . The most commonly used measurement methods were analysed (Table 1) in order to indicate the main functions of performance measurement in business organizations which could allow to research its changes and developments.
Table 1 Performance Measurement Methods and Functions
According to literature analysis, performance measurement is useful when it corresponds to the external and internal environment of the organization. On the other hand, efficiency and effectiveness of performance measurement depends on organizations ability to apply theoretical method into practices, ability to incorporate information to decision making process, ability to improve and change processes according to changing external conditions and internal potential of organization (Kloviene, 2013; Fukushima & Peirce, 2011; Mathur et al., 2011; Carlucci, 2010) . According to different authors (Bourne et al., 2003; Tung et al., 2011; Bititci et al., 2012) could be stated that performance measurement system is understood as a multidimensional set of performance measures, methods used for planning, measuring, controlling, and improving business performance (decision making). Analysis shows that different measurement methods, such as Activity Based Costing, Time driven activity based costing, Life-cycle costing, Sink and Tuttle model, Performance pyramid, Performance prism, Medori and Steeple integrated system are used to ensure planning, measuring, controlling, and decision making functions.
Performance measurement methods
Performance measurement functions Theory of Constraints (Goldratt , 1990) ; Sink and Tuttle model (Sink and Tuttle, 1989) Planning Sink and Tuttle model (Sink and Tuttle, 1989) ; Balance score card and KPIs' in it (Kaplan and Norton, 1992) ; Performance pyramid (Cross and Lynch, 1992) ; Performance prism (Neely et al., 2001 ); Medori and Steeple integrated system (Medori and Steeple, 2000) Measurement Activity Based Costing (Johnson and Kaplan, 1987) ; Time driven activity based costing (Kaplan and Anderson, 2007) ; Life-cycle costing (Lindholm and Suomala, 2007) ; Sink and Tuttle model (Sink and Tuttle, 1989) ; Performance pyramid (Cross and Lynch, 1992) ; Performance prism (Neely et al., 2001 ); Medori and Steeple integrated system (Medori and Steeple, 2000) Controlling Activity Based Costing (Johnson and Kaplan, 1987) ; Time driven activity based costing (Kaplan and Anderson, 2007) ; Life-cycle costing (Lindholm and Suomala, 2007) ; Sink and Tuttle model (Sink and Tuttle, 1989 ); Medori and Steeple integrated system (Medori and Steeple, 2000) Decision making Figure 1 ) was proposed. Looking from the contingency theory point of view technology is one of the main contingent factor, which has been subject to investigation (Otley, 1980; Chenhall, 2003; Ahmad & Schroeder, 2003; Flynn & Saladin, 2006; Sila, 2007; Wickramasinghe & Alawattage, 2007) . According to analyses of performance measurement methods could be stated that Technologies could have an impact on performance management system by influencing its functions:
Planning, Measurement, Controlling and Decision making.
Research method
According to Yin (1989) , case studies are the preferred research strategy when "how" or "why" questions are being posed, when the investigator has little control over events, and when the focus is on a contemporary phenomenon within some real-life context.
Case studies are considered useful in research because of a need to explore sensitive concepts in depth and as they enable researchers to examine data on the micro level (Meyer, 2001; Zainal, 2007) . As an alternative to quantitative or qualitative research, case studies can be a practical solution when a big sample population is difficult to obtain. Although case studies have various advantages, in that they present data of real-life situations and they provide better insights into the detailed behaviours of the subjects of interest, they are also criticised for their inability to generalise their results (Zainal, 2007; Yazan, 2015) .
In this paper, the case study is based on interview and document analysis. This method was selected because of a need to answer a "how" research question, focusing on a contemporary phenomenon of Industry 4.0 and its possible impact on performance measurement.
The data was collected by the authors according to a multiple source of evidence, which allowed increasing the validity of the research (Yin, 1989) and it involved (1) onsite observations (documents analysis -strategic planning reports, BSC, KPIs), (2) semi-structured interviews with five key respondents-experts. The case study was performed in the period of July, 2016 -February, 2017 and completed in April, 2017.
Observations and analysis of company documents were based on strategic planning reports (BSC) and company KPIs. Data was delivered by the Head of Production and Logistics and independently collected and approved by experts from Controlling team. The main documents for analysis were (1) three main sections of Strategic Planning Report: Finance, Customer and market, Processes and operations and (2) KPIs: Volume Growth Production; Material Overhead Costs (MOC); Manufacturing Costs (Mfc.); Variance due to inaccurate processes; Demand Plan; Inventory (as used in Inventory Reporting); Delivery reliability; ppm Rate; R&D Cost; Investment in Supply Chain. These ten KPI's were selected as the most useful and reliable for better understanding of company's performance measurement system and to discover possible connections between them and technological innovations. Also Strategic Planning Report was the main source to see if technological innovations are priority and well represented in company's strategy and KPIs.
Interview questions were developed according to the theoretical literature review (1) disclosing Industry 4.0 clusters and its possible influence on performance measurement system also (2) trying to discover the possible ways forward. The main criteria to select respondents were work experience, different hierarchical level and expertise in this research area (Table 2) . This choice was made in order to reflect different parts and levels within company's value chain such as supply chain, manufacturing, management, IT because it could be differently affected by technological innovations. Each interview was recorded and transcribed. All transcripts were coded in order to receive structured and useful information (Lee, 1999) . Twelve open codes were developed and grouped in seven categories, which were later used to get main axial codes. These codes were used to create valuable insights from empirical research and answer the main research question. As all selected respondents Contingency factor: Technology
Planning Measurement Controlling
Functions of performance measurement system (PMS)
Decision making provided the same information and arguments about the same phenomenon, comments were repeating, also no new codes occurred in the data (Urquhart, 2013; Given, 2016) , could be stated that the saturation point was achieved. All the data collected both according to the documents and interview analysis, helped to indicate detailed information on how technological innovations were applied, measured and managed in the company, also to indicate the changes and developments of performance measurement system, its functions and KPIs under the context of technological innovations.
Research Results and Interpretation
An international family-owned company with more than 90 years' work experience in pneumatic and electrical automation technologies was analysed in this research. This company was selected because of the leading position in applying Industry 4.0 technological innovations in Germany.
The company is a worldwide leader in automation and the world market leader in industrial training and development. This company plays a key role in plotting technology trends in automation and process control fields. The company's goal is to continuously build itself to be self-organized, renewable and adaptive to changing market trends, but also preserve its values, vision and culture.
The company manufactures pneumatic and electrical automation components for different industries around the world. Company owns eleven factories and three logistics centres in Europe, Asia, North and South America. The factories produce a wide range of products that can be combined and applied to different types of industries and production systems. Company has a wide range of already assembled and ready-to-connect products/components that fit in any designed system, adapted versions of other products and system solutions. With high level of accuracy and quality with precise control and functionality, company provides its customers perfectly reliable production work. Also, apart from manufacturing and selling different pneumatic, process automation products and systems, the company provides consulting services to its customers helping them pick the right products to create and assemble individual systems, as well as teaches and organizes qualification courses.
The company was precisely selected and is believed, well representing technological innovations impact on business processes and activities, which as a result could influence the development of performance measurement system. Analysis of company's strategic planning reports showed that innovations play a key role in company's performance, are included in company's strategy and is seen as a key success factor in the future and as a competitive advantage. Additionally document analysis confirmed that company applies different innovative solutions related with different Industry 4.0 clusters such as:
1. Data, computational power and connectivity: Big data; internet of things (IoT); 2. Analytics and intelligent: Digitalization; advance analytics (ex.: predictive analytic; predictive maintenance; machine learning);
3. Human-machine interaction: Touch interface (mobile maintenance); 4. Digital-to-physical conversation: 3D printing; advance robotics (e.g.: exohand; pro glove).
According to respondents interviewed, Industry 4.0 solutions in case study company are applied and developed to improve production processes, increase customer value added, full fill stakeholder's requirements and to ensure a leading market position.
One of the most interesting findings is that company size was not indicated as the main factor influencing the smooth development and application of innovative technologies. According to this could be stated that all size companies should try and invest in technological innovations. Main reasons influencing the decision to invest in an innovative technologies were also identified and namely are clients, competitors, company culture and technological innovations in the market. It shows that there are both external and internal factors which help to make a decision to invest in innovative technologies. In this respect, respondents' answers specified that company uses Industry 4.0 to improve internal and external processes. Internal processes represent improvement in production and logistic, external -service and solutions for customers. Internally company is concentrating on human-machine interaction, mobile maintenance, IoT, externally -IoT products and components, machine learning.
According to document and interview transcripts analysis could be stated that company ensures smooth and necessary implementation of new innovations through innovation management program and R&D department. The goal of a new department was indicated as to analyse and understand business needs and according to it search and implement innovations which would help to minimize cost, improve processes, optimize products etc. Also the most important Industry 4.0 benefits for the company were indicated as:
 Cost saving;  Resources saving;  Improved processes (faster);  Improved products. Further findings from interviews showed that innovations have a huge influence on company value and supply chains. Internal production, storage, logistic, sales processes are influenced by Industry 4.0. Respondents confirmed that Industry 4.0 solutions have a positive impact on quality and speed of existing processes:
 Production: semi-automated assembly (humanmachine interaction); mobile maintenance tooldocuments mobile available, real time information, time saving, delivery reliability;  Storage: Pro glove -intelligent materials bar code scanner in a glove;  Logistic: more logistic centres in different areas and higher products complexity to full fill different customers need in different regions;  Sales: fast, easy to use app for customers in United
States.
According to ideal performance scenario, innovations in supply chain could help company to decrease products' delivery time, increase products' complexity but not significantly increase the stock. If a company would decide to increase its complexity it would increase the stock, because not all companies know all customers' needs and preferences. Respondents indicated that in the future new technologies and analytic systems should allow for company to understand customers' needs, provide and store only required materials in logistic centres. These Industry 4.0 solutions should help to control material stock movement and better analyse customers purchase portfolio. All this together should allow to decide how many, in which locations, new logistic centres will be built and which materials will be stored there.
Analysis of these findings allowed identifying Open codes Innovation concept, Type of innovation, Innovations and strategy which were grouped in Innovations meaning category (Table 3) . Reasons for implementing innovations, Innovations and company size were meaningful in explaining the Motivation to implementing innovations, also Innovations impact on manufacturing, Value creation, Supply and value creation chains were grouped in Innovations and processes. All these three code groups were used to explain the main Industry 4.0 axial code. For the customers we work on IoT products and components." "…machine learning is very important".
Innovations types
Innovations impact on company strategy/goals: "…in IT we have a dedicated "Innovation Management", with a clear innovation process and goals". "Innovation Management supports and moderates innovations".
Innovations and strategy
Internal, external reasons for innovations implementation: "More important is culture, skills and the market pressure (competitive, commodity, monopolist etc." "In our company case I would say the main group is all (competitors, clients, vendors) ".
Reasons for implementing innovations Motivation to implementing innovations
Company size impact on innovations implementation: "The bigger the company, the more processes you have. Innovation takes more time". "Innovation also will be very important for the small companies, but I think the impact will be just bigger for huge companies…".
Innovations and company size
Innovations influence on company's manufacturing processes and products: "I know one case in one of the plant, where we have a specific data collecting system for a logistic way, when you have a bar code scanner within hand glove. In general, my answer is: yes, innovations will affect all our existing processes.". "Mobile maintenance in the factory, Corporate Memory (new global search engine with cognitive methods and semantic) Pro Glove in the factory (intelligent scanner in a glove), Company Fast app in the States").
Innovations impact on manufacturing

Innovations and processes
Innovations benefits to company: "…we are searching for innovations that can help us <company> to save money, improve processes, and optimize products". "…motivation, interdisciplinary teams -knowledge sharing, saved resources, faster processes, to be faster and better as our competitors".
Value creation
Innovations impact on supply and value creation chains "Customers want to have condition monitoring, predictive maintenance, digital twins, and "added value services".
-"More logistic centres will help to decrease the delivery time, but to ensure you it will not significantly increase the stock. If you would like to do it today, to manage this complexity, at the end of the day, the target would be: to increase the stock, because we don't know what the customer wants, what are the needs of the customer. In the future, with the systems, I guess, we are capable to identify needs of the customers, and those products store in the logistic centres. Then you can really focus on the specific products and that would help to reduce stock, but you are still stay close to the customer". "Mostly effected Producing <manufacturing>, New business models, Selling chains…".
Supply and value creation chains
Another important finding from interviews is that Industry 4.0 highly affected company's performance measurements system and its main functions. According to research results could be stated that performance measurement system is developing towards three main (Table 4) .
Planning and budgeting processes changed because company is able to use different planning methods comparing to previously used ones. Traditional planning processes are going to be revised, and new processes introduced to users in a case study company.
However, preparation, changes and implementation require a lot of time and efforts. Research results showed that company needs time and human resources (1) to build new planning models into the existing system or into IT infrastructure and (2) to catch the complexity of data and planning processes. These new planning models will allow to ensure fast reaction to changing business environment and planning will become much faster and smoother.
Secondly, in the future, long term planning might be unrealistic due to fast changing business environment and customers' needs. Long term planning and budgeting is expected to be changed with less detailed forecasting and predictive analytics. Innovations impact on financial planning and process: "<...> no more a detailed planning, more forecasting and predictive analysis". "Less planning in the long term, more short-term planning". "You need more time to build up a <new planning> model in the system or in IT infrastructure and to catch the complexity, but when it runs, then you are faster". "In general it is possible to use machine learning" "<...> you can achieve there really a big benefit. How much time they consume doing that, everybody's might do it in a different way to come with this planning value and if let's say, a system by running the program, creating a worldwide, this planning values, based on different correlations which is also depending on your market, regional market, country dependencies. If you have this kind of information available, its makes already a suggestion <...>." "<...> it is much easier, because you don't have to do all this detailed work by yourself. You just, maybe, have to validate <...>. This process can dramatically speed up in the future and also release capacities for let's say value added processes or things to do."
Planning Predictive analytics
Functions of performance measurement system
Innovations impact on processes measurement: "…every innovation has its own business case…" "…permanent analysis of new business processes…" "…non-financial KPIs best represent innovation impact on company performance".
Measurement KPIs
Control for implementing new and developing old processes: "Challenge to train people to use new tools. New tools requiring new skills <…>. To develop these modules which are not available in the company you have first set it up this kind of new roles and train people to be able to do perform adapt well". "New skills needed, willingness to work with data. Able to handle many different tools, and work in fast changing environment". "If there is a bigger change, so a bigger change in process or innovation, then information is taken from reports or from meeting with colleagues (live and via communication system)..."
Control
Real time control, decision making Innovations impact on decision making process: "...talking about new processes which have definitely an impact, you can do it, let say on going, as daily business or at least on a week level". "Collect a lot of data and extract the right information from it, for decision making".
Decisions making
Measurement as one of the performance measurement functions, also is influenced by Industry 4.0. The main challenge here is to integrate new processes into already existing infrastructure and to be able to measure the whole performance as one system. After conducting and analysing interview results and strategic planning reports, it was identified that company has no clear and define Industry 4.0 measures which would show how performance measurement system will measure Industry 4.0 impact. Additionally, experts confirmed that each measure depends on different business case for which it was implemented. Also already existing KPIs' are used together with new KPIs' showing new, innovative products turnover, R&D cost-share of turnover and interdisciplinary learning. In addition to that, all performance KPIs' should be often reviewed, analysed and adapted to specific business cases for which they are going to be used. Also, it was indicated the need for a balance between financial and non-financial KPIs to successfully measure innovation's impact on company performance.
Control function in the analysed organization, is used as the tool to identify rising problems, manage new processes or update existing processes, to see how often processes should be analysed, and which tools should be used to collect and analyse information. Interview transcripts analysis allowed to identify a few problems of controlling function. First is a big amount of data and information. The second is difficulty to summarise that information in order to make it valuable for management decisions. Last but not the least, a challenge to maintain company's culture and employees' flexibility towards changes (learning to use new tools and ability to adapt to the new processes) was also indicated.
Interview data allowed to identify that employee's openness and willingness to changes can be a key success factor for fast and efficient implementation of new processes and for benefits and value which innovations could bring to the company and its shareholders. Analysing interview transcripts data from controlling function point of view, it could be stated that control processes are difficult to standardise, because there is a variety of different processes influencing complexity in maintaining one way or a method for process control. However, the first step of control function was found and identified -data collection from these main sources: analytical systems, employee's feedbacks and internal communication systems.
The last function -decision making was analysed from process perspective. Most of the respondents confirmed that all decisions regarding the changes and implementation of innovative processes are made according to organization strategy. The most important conclusion is that organization must understand which innovations can be practically applied, successfully implemented and aligned with already existing organization infrastructure.
Discussion of Results
Firstly, research results confirmed that contingency factor, such as technology, has an influence on functions of PMS. This influence could be explained according to the high level of uncertainty the company is facing when possess with innovative technologies in the context of Industry 4.0. A company which uses and integrates technological innovations should adapt its performance measurement system according to innovations in business processes and activities.
According to the case study results, technological innovations have an indirect influence on changes of business model, company strategy, planning, measurement, controlling and decision making functions (PMS functions) as they are influenced by the change in the processes and activities of the organization. One of the major development was identified in the planning/financial planning process, as according to research results, it should be based on new predictive analytics system (Figure 2) in the Industry 4.0 context, not only on the analytical systems. This change is related with the company's need to have more accurate data and information for future performance. Traditional planning and budgeting use the historical data as a reference for future planning. However, extrapolated data are still only historical and represents the past. On the other hand, planning based on predictive analytics will be more complex, as due to Industry 4.0 innovative solutions, companies would be able to collect big amounts of different data and information in a single system which could be later used during financial planning. If a company successfully applies new technological solutions, planning process can be fully automated. According to this, could be stated that analytics and controlling processes require more IT skills and data analytics' competencies. These developments could allow planning process to become much faster, smoother, and better adapted to fast changing business environment.
Moreover, research results helped to identify that the company should use broad in scope and flexible performance measurement systems. According to the results of the case study, it can be stated that changes and developments can be identified in the area of performance measures perspective. The main challenge for current measurement function is to select the right methods to measure old process and identify new indicators which will help to analyse technological innovations impact on company old and new processes. It was indicated that KPIs should be frequently reviewed and adjusted according to integrated innovations and specific business circumstances for which they are applied (Figure 2 ). However, it could be also stated that the value measurement would be one of the most important functions of PMS and financial KPIs will remain the leading one to see which innovation is bringing highest benefit to the company.
-"Financial indicators are very important <…> every innovation needs <to create> a benefit. Without a benefit it is not an innovation" (respondent #2).
Controlling and decision making functions should be combined, because these functions should have the same outcomes due to new technological innovations: real -time control and decision making. Technological innovations can improve decision making process due to shorter information analysis time. It will help to get data on real time and make necessary management decisions.
Figure 2. The Framework for Developments of PMS
This could be ensured as IT innovations should be able to fasten company decision making process and help managers to see real -time company performance. Data summarizing and report generations should no longer be based on the certain period of time, it should become a daily task as well as a real challenge for employees who work with it. In the context of Industry 4.0 and ongoing innovations companies should be able to follow and analyse daily changes of company performance, supply chain, customers', and react by adjusting decisions respectively.
Conclusions
Research results confirmed that the important role potentially played by Industry 4.0 for a performance measurement is evident.
Our research contributes to the literature of performance measure by empirically investigating the developments of PMS considering technological innovations within the different processes of the organization. According to the results presented could be stated that our research supports the results of Appelbaum at al. (2017) which provides the Managerial Accounting Data Analytics (MADA) framework and incorporates balanced scorecard methodology, as well as expands it results by providing a framework to the development of PMS.
Also it indicates a more intensive use of predictive methods in planning processes, helps to see the real-time data for decision making due to the need of faster control and decision making processes. From a practical perspective, the study contributes to understanding how PMS could be developed in a context of Industry 4.0 by providing a framework and specific practical insights.
Directions for future research. There is a range of research possibility in the future to identify which old and new KPIs will better represent technologies impact on company performance measurement system. Also it is important to make future research on how PMS functions reflect both: business processes and activities which have not been affected by technological innovations and those which will be affected. According to these uncertainties, Real-time control and decision making performance measurement system and its flexibility should be analysed in depth. However only based on our research, PMS should be flexible and will require big investments in IT, supply chain, productions and logistics, customer service departments/fields. Our research results indicated the strong need for interdisciplinary competences. Employees from different departments should learn to collaborate and apply new innovations into already existing processes, IT, ERP systems infrastructure. This shows that higher management level might not be the front runners in these cases, but company experts will be the key for company fast growth and fast adaptation to internal and external changes lead by technological innovations. It could be stated that PMS can only be useful if new processes are integrated into the already existing company performance measurement system and entire organization infrastructure. Future research should also disclose the possible changes and developments in business models of innovative companies operating under the environment of digitalization and technological innovations.
Limitations. Our research is limited to one large international company case, where future studies may further investigate the problems analysed in this paper by expanding the range of data and including different size companies.
